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Cloud-based
Services

» quick & painless access

* provision on-demand

—

* high availability -
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CLTIY(D)

inear Temporal Logic

G(p — XX(q))

“It is always true that if p occurs then q occurs 2 positions
afterwards”
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LTL'

onstraint Linear Temporal Logic (over constraint system

G(p < X(z)=z+ 1)

[ o [
zZ= 5 5 6 / / 8

“There is p if and only if variable z is incremented by 1 in
the next position”

26



LTL'

onstraint Linear Temporal Logic (over constraint system

G(p < X(z)=z+ 1)

P P
z= 5 / / 8

“There is p if and only if variable z is incremented by 1 in
the next position”

27



LTL'

onstraint Linear Temporal Logic (over constraint system

G(p < X(z)=z+ 1)

[2 [
Z = 5 5 / 8

“There is p if and only if variable z is incremented by 1 in
the next position”

28



LTL'

onstraint Linear Temporal Logic (over constraint system

G(p < X(z)=z+ 1)

zZ= 5 5 6 /

“There is p if and only if variable z is incremented by 1 in
the next position”

29



CLTL/(D)

imed Constraint Linear Temporal Logic

G(p ¢+ X(0,4)(z = 0))

T= 5 24 26 27 43 46

“There is p if and only if z is equal to O in the next position
which must occur within 4 seconds”
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Virtual Machines



VM Litecycle

. Powered Off @

Deprovisioned Provisioned

Application initialization

Used
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VM Litecycle

Mend(id) Mstart(id)

. Powered Off @

Deprovisioned Provisioned




Example monitored execution

T = 5 14 26 37 43 46
—— o —9o—90o—0o—o—>
Mstart( ] ) Mboot(z) Mboot( ] ) Mstop(z)
Mstart(z) Mstart(3) Mready(z) Mready(] )
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Allocated Resources

R = Rnin

Vid : G(Mgtart(id) = R =Y(R) + 1)

3id : G(R=Y(R) + 1 = Mgar(id))

G((Vid : “Mgtart(id) A “Mgtop(id)) <+ R = Y(R))

T = 5 14 26 37 43 46
T T
Msl'qu'(] ) Mstqrt(z)

R= 2 3 3 4
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Allocated Resources

R = Rnin

Vid : G(Mstop(id) — R = Y(R) — 1)

Jid : G(R=Y(R) = 1 = Mgop(id))

G((Vid : “Mtart(id) A “Mgtop(id)) <+ R = Y(R))

T = 5 14 26 37 43 46
—
Mstop(] ) Mstop(z)

R= 4 3 3 2
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Elasticity

“Capabilities can be rapidly and elastically
provisioned to , and rapidly
released to . To the consumer, the
capabilities available for provisioning often appear
to be unlimited and can be purchased in any
quantity at any time.”

-National Institute of Standards and Technology (NIST)
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Elasticity

Eagerness
Sensitivity
Plasticity
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Eagerness

“Eagerness captures of a
system to the changes in the workload.”
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Sensitivity

“Sensitivity captures of a system to
changes in the load which are below a certain

threshold.”
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Eagerness and Sensitivity



Plasticity

“When the load drops to zero an elastic
system must be able to
within a reasonable time and return
to its minimal configuration.”
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Plasticity

G(Gor1, 1(L=0) = For, ;(R=Rnin))

“If the load remains zero for Ty1 time units, the
system needs to deallocate all additional
resources within Tp2 time units”
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Plasticity

Time



Resource Management
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Precision

“Precision constrains the amount of resources that
system is “
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1SION

Prec

Time
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Precision

G(|IR—L| <€)

“At any time, the absolute difference between
provisioned resources and needed resources
must be less than a certain threshold ”
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Oscillation

“Elastic system
resources when the load is

/4
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Oscillation

Time
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Oscillation

G(X(R) >R — P(O,Te] (X(L) > L))
G(X(R) <R — P(O,Te] (X(L) < L))
“The formulae constrain the increase (decrease) of
the number of resources only in correspondence with

an increase(decrease) of the load that happened
some Te time before.”
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Resource trashing

“Elastic system resources
shortly after allocating them and vice versa.”
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Resource trashing

“The occurrence of opposite adaptations can
happen only after a minimum amount of time
Trtx has passed"”
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Resource trashing

Time
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Resource trashing

Time
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Cool-down period

“Elastic controller resources
during the period of VM initialization.”
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Bounded Concurrent
Adaptations

“Elastic controller more than
N changes during the period of YM

initialization.”
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Bounded QoS Degradation

“During the adaptation elastic systems
up to a certain value.”
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Bounded QoS Degradation

G(A — some-lower-level-of-QoS)

G(—A — standard-level-of-QoS)
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Bounded Actuation Delay

“It expresses a on the actuation time of the
controller, i.e.,

/4
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Bounded Actuation Delay

Vid : G(Mboof(id) — I:(O,Tc,c,) (Mready(id)))
Vid : G(Msfop(id) — F(O,Tad) (Mend(’d)))

T = 5 14 26 37 43 46
—o—o—90o—0o oo
Mboot(id) Mready(id)
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Open issues
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Open issues
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Preliminary Evaluation

« “Elastic Doodle” Service

* Private OpenStack infrastructure

* Input workload: /\/ 1T 1L L. W
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“Elastic Doodle”
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Elastic Doodle Controller

Reads periodically (10 sec) the monitored data applies the
following rule-based approach:

. if the average number of requests per running
application server in the last minute is over a certain
maximum threshold, a new instance of application server is
allocated; the controller stops its execution for one minute;

. if the average number of requests per running
application server in the last minute is below a certain
minimum threshold, a running instance of application server
is deallocated; the controller stops its execution for two
minutes.

/1



Properties verified
with trace checking

* Resource Thrashing
» Plasticity

* Cool-down Period
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Trace checking

Time span Resource Cool-down

ID  Events (s) Thrashing Plasticity Period

T1 15 1102 1.44s/120MB 1.20s/117MB 2.29s/126 MB

T2 43 635 1.425/121MB

3 29 641 1.77s/131MB 1.21s/118MB 1.62s/126MB

T4 17 499

1.27s/116 MB

T5 44 644 1.94s/135MB 1.45s/122MB 1.45s/122MB

/3



Possible Research Directions

* Refinement of the load model
* Evaluation on industrial-strength case studies

* Run-time monitoring
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Specification of Cloud-Based
Elastic Systems

Cloud-Based Elastic System Open issues Property Groups

Eagerness and Sensitivity Preliminary Evaluation

Resource Cooldown

Plosticity

Thrashing Periond

1. 44s/120MB 1.205/117MB 2.295/126MB
2.83s/135MB 1.475/122MB 1.425/121MB

1.77s/131MB 1.21s/118MB 1.625/126MB

L 5§67 89 9 43 4566 6
L 0

1.20s/117MB  1.275/116MB  1.38s/116MB

1.94s/135MB 1.45s/122MB 1.45s/122MB
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